P. Effect of intraperitoneal and intravenous administration of cholecystokinin-8 and apolipoprotein AIV on intestinal lymphatic CCK-8 and apo AIV concentration.
lymph; plasma; dipeptidyl peptidase IV; aminopeptidase OBESITY IS WIDESPREAD IN DEVELOPED countries, and the prevalence of obesity continues to increase rapidly in the United States (3) . Obesity develops when caloric intake exceeds energy expenditure over time, and the excess energy is stored as fat (10) . Gastrointestinal hormones, namely CCK and apolipoprotein AIV (apo AIV), contribute to energy homeostasis by curtailing food intake. CCK-8 and CCK-22 are the predominant forms in rats and mice, whereas larger molecular forms (CCK-33 and CCK-58) are present in human plasma (32, 35, 47) . Intestinal endocrine cells secrete a mixture of mediumsized CCK forms, whereas central and peripheral neurons mainly release sulfated forms of CCK-8 (45, 46) . Intestinal I cells produce and secrete CCK in response to ingestion of either lipid or protein (34) . Peripheral CCK is involved in modulating intestinal motility, stimulating pancreatic enzyme secretion, inducing gallbladder contraction, and regulating food intake (8, 18, 22, 25, 41, 44, 50) .
Apolipoprotein AIV (apo AIV) is a glycoprotein found in many species; the human form has a molecular weight of 46 kDa (3, 16, 20) . Serum apo AIV concentration levels in rats have been demonstrated to fluctuate, like food intake, according to circadian rhythms, increasing during the dark cycle to significantly higher levels, (ϳ148.8 g/ml) than exhibited during the light cycle (ϳ121.1 g/ml) (16) . The jejunum is the major site of apo AIV synthesis, and its synthesis and secretion are associated with chylomicron formation (12, 23, 27) . Once chylomicrons enter the circulation, apo AIV rapidly dissociates from chylomicron remnants, with the result that the majority of apo AIV in the circulation exists as free protein, while the remainder is associated with circulating high-density lipoproteins (17) . Our laboratory has reported that intravenous administration of apo AIV purified from lymph reduces food intake (15) . Later studies have also demonstrated that central administration of both native and recombinant apo AIV inhibit food intake (15, 36) .
The fact that intraperitoneally administered CCK is able to reduce food intake is well established (31, 49) . In contrast, intraportal administration of CCK-8 of up to 8 g/kg has been shown to exert little satiation effect in rats (19, 21, 24) ; however, further study has shown that continuous injections of synthetic CCK-8 in pigs through various injection sites induced varying satiation effects (24) . The reason for this apparent difference in efficacy is unclear. We hypothesized that intraperitoneally administered CCK-8 would result in a higher concentration of the peptide in the lamina propria of the gut than would intravenously administered CCK-8. In this study, we used the lymph fistula rat model to test our hypothesis that the concentration of lymphatic CCK-8 (a reflection of lamina propria concentration) would be higher as a result of intraperitoneal administration rather than intravenous administration. We believe this is why intraperitoneal administration of CCK-8 is more effective in reducing meal size than intravenous administration of the peptide. We also included apo AIV in our study because it is another satiation peptide with a larger molecular size than CCK-8, and we wished to determine whether or not the same scenario applied to bigger proteins such as apo AIV.
MATERIAL AND METHODS
Male adult Sprague-Dawley (SD) rats (300 -350 g) were fed pelleted standard chow diet (LM-485) obtained from Harlan Sprague Dawley (Indianapolis, IN). Sulfated CCK-8, 4-nitroaniline, and GlyPro p-nitroanilide p-toluenesulfonate were obtained from Sigma (St. Louis, MO). Sulfated 125 I-CCK-8 was purchased from GE Healthcare Life Sciences (Piscataway, NJ). All chemicals used for the study were of analytical grade.
Preparation of 35 S-labeled recombinant apoA-IV. 35 S-methionine was used to radioactively label recombinant apo A-IV produced in our laboratory (36) . Apo A-IV has six methionine amino acids per protein molecule that can be labeled. Briefly, a pET30 vector (Novagen, Madison, WI) containing a rat apoA-IV cDNA insert was transformed into B834 (DE3) Escherichia coli cells (Novagen), and the transformed cells were plated on M9 minimal media (18.7 mM ammonium chloride, 40.9 mM dibasic sodium phosphate, 22 mM monobasic potassium phosphate, 2 mM magnesium chloride, 0.1 mM calcium chloride, 0.4% glucose/dextrose, 0.0001% thiamine) plates containing kanamycin as the selection agent, and which were supplemented with the amino acids Thr, Leu, Pro, Arg, and Met (Sigma-Aldrich, St. Louis. MO). The following day, a single colony was picked for expansion into 10 ml M9 media supplemented with the same amino acids and kanamycin as described above (Calbiochem, San Diego, CA). The 10-ml culture was incubated overnight, and the next day, 1 ml of the overnight cultures was further expanded into 100 ml of M9 media ϩ amino acids ϩ kanamycin for 3 h or until the OD 600 was 0.5. The cells were then pelleted by centrifugation at 8,000 rpm for 10 min, rinsed by resuspension in M9 media alone, repelleted, and resuspended in 100 ml of M9 media plus Thr, Leu, Pro, Arg, and 35 S-Met (GE Healthcare, UK). 50 l of 1 M IPTG (Fisher, Hampton, NH) was added for induction of expression. Cells were incubated with IPTG for 1 h, while shaking at 37°C. The resultant protein was purified by nickel column chromatography (Novagen, Madison, WI) utilizing the protein's N-terminal His tag.
Surgical procedure: 1. surgical and experimental procedure for intravenous and intraperitoneal study. Male SD rats (n ϭ 5 or 6) per group were used in this study. The animals were fasted overnight prior to surgery. All animal protocols used in this study were approved by the University of Cincinnati Institutional Animal Care and Use Committee. For the lymphatic cannulation, the animals were anesthetized with halothane (Halocarbon Laboratories, River Edge, NJ) administered through a vaporizer. A laparotomy was performed and the superior mesenteric lymph duct was cannulated with a polyvinylchloride tube (medical grade, 0.5 mm ID, 0.8 mm OD; Critchley Products, Silverwater, New South Wales, Australia) according to the procedure described by Bollman et al. (4) . The tube was secured with a drop of cyanoacrylate glue (Krazy Glue, Jadow & Sons, New York, NY) and externalized through the right flank. A second cannula (1.02 mm ID, 2.16 mm OD; Silastic medical grade 508 -005, Dow Corning Medical Products, Midland, MI) was threaded through a surgical incision of the fundus of the stomach, extended 2 cm into the duodenum, secured with a purse-string suture and a drop of cyanoacrylate glue, and externalized through the right flank. After surgery, the animals were placed in Bollman restraining cages in a temperature-regulated chamber maintained at 28 -30°C and allowed to recover overnight. During recovery, the animals received continuous intraduodenal infusion of a glucose-saline solution (145 mM NaCl, 4 mM KCl, and 280 mM glucose) at 3 ml/h to compensate for fluid and electrolyte loss due to lymphatic sampling.
The following day, the glucose/saline solution was replaced with the 0.9% saline used for the duration of the experiments. Fasting lymph samples were collected 1 h prior to administration of either labeled CCK or apo AIV. For the intravenous administration study, a PVC tube was installed in the jugular vein of the rats and threaded into the right atrium during the lymphatic cannulation surgery described above. The cannula was secured in place with sutures, and the other end of the cannula was exteriorized above the animal's neck and plugged. For the intraperitoneal experiment, a tube was introduced into the lower left quadrant of the abdomen, and the cannula exteriorized through the right frank.
Lymphatic labeled CCK-8 study. All animals were housed in restraining cage and a bolus (245 l) of a mixture of sulfated CCK-8 (0.6 g/kg) plus 125 I-CCK (0.5 Ci /5 l) was administered to the rats via either intravenous or intraperitoneal injection. Following either intravenous or intraperitoneal delivery, lymph samples were collected at 15 min intervals throughout the 1st h and then hourly for an additional 5 h. Throughout the experiment, 0.9% saline was infused into duodenum at 3 ml/h to compensate for fluid and electrolyte loss during lymph sampling. Lymphatic flow rates were determined.
125 I-CCK specific radioactivity of lymph samples at each time point was determined using a gamma counter, and since the lymph volume was known, we were also able to determine the concentration of labeled CCK. Although the stability of the iodination tag of the CCK-8 might be construed as a potential concern, as will be presented later, the activity of degradative enzymes, such as DPPIV and aminopeptidase, are so much lower in lymph than in plasma that the radiolabeled tags were unlikely to be dissociated from the peptides under these conditions. Therefore, both radiolabeled CCK and apo AIV remained stable and intact probes, as confirmed by previous metabolic studies (5, 13) .
Lymphatic labeled apo AIV study. A bolus injection (245 l) of 35 S-apo AIV (1.5 mg/ml) was administered intravenously or intraperitoneally in lymph fistula rats. In the present study, we used a higher dose of apo AIV per kilogram body wt than we used during the intraperitoneal feeding studies. This higher dose was chosen for a number of reasons, as explained below. First, the labeling of apo AIV is limited because there are six methionines per every molecule of apo AIV, and furthermore, the labeling of the apo AIV is also limited by the specific activity of the 35 S methionine as provided by the manufacturer. We used the labeled apo AIV as such without any dilution. The amount of labeled apo AIV that we used was deemed to be the smallest amount that would still provide us with adequate detection sensitivity. To use any lesser amount of 35 S-labeled apo AIV would have diminished the ability to detect apo AIV. Second, the plasma apo AIV concentration in the rat is 10 -24 mg/dl and increases following lipid feeding (9, 13, 16, 33) . In this study, 1.17 mg/kg of recombinant apo AIV was applied to each animal, a small enough dose that it should not impact the amount of circulating apo AIV pool significantly. After delivery, lymph samples were collected at 15-min intervals throughout the 1st h and then hourly for the next 5 h. The lymphatic flow rates of these animals were also determined. 35 S-apo AIV radioactivity of lymph samples at each time point was assessed by liquid scintillation counting, and the concentration of lymphatic apo AIV was calculated by dividing the dpm by the lymph volume.
Surgical procedures. 2. surgical and experimental protocol for studying the effect of CCK-8 and apo AIV on food suppression. For the food intake studies, adult male rats were individually housed in cages with corn cob bedding at an American Association for the Accreditation of Laboratory Animal Care-accredited facility under conditions of controlled illumination (12:12-h light-dark cycle, lights from 0600 to 1800). Each animal was implanted with either an intravenous infusion or intraperitoneal infusion cannula. For the intravenous administration study, a PVC tube was installed in the jugular vein of the rats and threaded into the right atrium during the lymphatic cannulation surgery described above. The cannula was secured in place with sutures and the other end of the cannula was exteriorized above the animal's neck and plugged. For the intraperitoneal experi-ment, a tube was introduced into the lower left quadrant of the abdomen, and the cannula exteriorized through the right frank.
After recovering for 7 days after surgery, each rat had returned to its initial, presurgery body weight. Animals were transferred to clean bedding cages and were deprived of food for 16 h prior to the beginning of the study at 0930. The fasted animals received a bolus dose, via the intraperitoneal or the intravenous cannula, of 0.25 ml of either saline alone or saline combined with different doses of dissolved sulfated CCK-8 and apo AIV. For the CCK feeding experiments, experimental rats received one of the following doses of sulfated CCK-8 (0.25, 0.6 and 1.0 g/kg) or saline 5 min prior to refeeding. For the apo AIV study, animals received intraperitoneally or intravenously a bolus dose of 100, 200, or 500 g/kg 5 min prior to refeeding. Animals were then allowed free access to rodent chow diet and their food intake was measured at 30, 60, and 120 min by weighing their food cups.
Surgical procedures. 3. Surgical and experimental procedure for dipeptidyl peptidase IV (DPPIV) and aminopeptidase activities. For this study, male SD rats (4 -6 per group) were subjected to 16 h of fasting before surgery to determine plasma and lymphatic DPPIV . The next morning, under halothane anesthesia, a PVC tube was introduced into the jugular vein of the rats. A PVC tube was also inserted into the main mesenteric lymph duct of the rats as described above (23), and a soft silicone tube was introduced into duodenum and the incision closed as described above. Postoperative care of the animals was the same as described above and the animals recovered overnight prior to experiment. Fasting plasma and lymph samples were collected at 0900 the morning following surgery.
DPPIV activity. DPPIV enzyme activity was determined using an enzymatic assay that measures levels of 4-nitroaniline liberated from the DPPIV substrate by DDPIV (42) . Briefly, 50 l of fasting plasma or lymph was incubated with 1 ml of 1.4 mM Gly-Pro-p-nitroanilide p-toluenesulfonate salt as the enzyme substrate in 114 mM Tris buffer, pH 8.0. Standard (150 nmol of 4-nitroaniline in water) and blank (water) samples were assayed within the same plate. After incubating in an oven for 30 min at 37°C, the reaction was stopped by adding 3 ml of 1 M acetate buffer (pH 4.2). Enzyme activity was calculated by measuring the observed increase in specific absorbance at 410 nm and then by multiplying the ratio (absorbance of samples-blank)/(absorbance of standard sample) by 150 nmol to yield data expressed as nanomoles per milliliter per minute (42) .
Aminopeptidase activity. The samples used for DPPIV determination were also used for aminopeptidase enzyme activity determination. The enzymatic assay measured levels of 2-naphthylamine released as a result of aminopeptidase activity (1, 29) . Briefly, either 2 l of fasting lymph or 2 l of 2 ϫ diluted plasma was incubated with 100 l of 0.1 mg/ml L-tyrosine ␤-naphthylamide (Sigma) as the substrate in 50 mM HCl-Tris buffer (pH 7.6, Fisher Scientific, Fair Lawn, NJ) at 37°C for 2 h. The reaction was stopped by adding 100 l of 0.1 M acetate buffer (pH 4.2). Standard samples (2 l of 1.4E-06 to 1.4 g 2-naphthylamine in 50 mM Tris buffer) and the blank (ethanol or 50 mM Tris buffer) were assayed within the same plate. The amount of 2-naphthylamine released was measured fluorometrically at an excitation wavelength of 360 nm with an emission wavelength of 412 nm. Specific aminopeptidase activity for tyrosine was expressed as picomole of tyrosine-naphthylamide hydrolyzed per minute per milliliter of either plasma or lymph.
Statistical analysis. Results are presented as means Ϯ SE. Parametric statistical analyses were performed for comparison of all groups of animals subjected to the study treatments. Two-way ANOVA was used for comparison of feeding studies via the two routes of administration and the different doses tested. Statistical analyses were performed using GraphPad Prism (ver. 3.0, San Diego, CA), and differences were considered significant if P values were Ͻ0.05.
RESULTS

Effect of CCK-8 on food suppression.
Fasted rats intravenously injected with CCK-8 dosed at 0.25, 0.6, and 1.0 g/kg did not show suppressed food intake levels at 30, 60, or 120 min (Fig. 1, A-C) . In contrast, intraperitoneal administration of CCK at 0.6 g/kg or above inhibited food intake at 30, 60, and 120 min (Fig. 1, A-C) . There was no significant difference in food intake levels between rats dosed with CCK-8 intraperitoneally vs. intravenously at 0.25 g/kg for all the time points. In contrast, at 30 min, intraperitoneally administered CCK-8 (0.6 or 1.0 g/kg) yielded a 52% reduction in food consumption compared with the saline group, while intravenous injection of CCK-8 did not reduce food intake compared with the saline group. At 60 min, CCK-treated rats (0.6 or 1.0 g/kg) showed a 40% reduction of food intake compared with the salinetreated animals (P Ͻ 0.006). These data clearly showed that intraperitoneal administration of CCK-8 is more effective than intravenous injection in inhibiting food intake.
Effect of apo AIV on the control of food intake. As shown in Fig. 2 , intraperitoneal injection, as well as intravenous administration failed to inhibit food consumption significantly at 30 min compared with saline controls. At 60 and 120 min, intraperitoneal injection of recombinant apo AIV (100 g/kg or above) reduced food intake. In contrast, apo AIV (100 or 500 g/kg) administered intravenously suppressed food intake at 60 and 120 min; however, intravenous injection of 200 g/kg apo AIV did not inhibit food intake at any time points. We have repeated this dose several times but still obtained the same result. We do not have an explanation for the lack of effect of the 200 g/kg dose. Both intravenous and intraperitoneal administration of apo AIV was effective in inhibiting food intake at 60 and 120 min.
Intraperitoneal and intravenous administration of CCK-8 treatment. As shown in Fig. 3 , neither the intraperitoneal nor the intravenous injection of CCK-8 (0.6 g/kg) had an effect on fasting lymph flow, and there appears to have been no difference in lymphatic flow rate between animals injected intraperitoneally vs. intravenously (P Ͼ 0.05) (Fig. 3) . Intraperitoneal injection of CCK-8 (0.6 g/kg) plus 125 I-CCK (0.5 Ci) induced a later peak in lymphatic output but also resulted in a significantly higher lymphatic output of 125 I-CCK during first 3 h than did intravenous injection of the same dose (Fig. 4) . Rats treated with an intraperitoneal injection of CCK-8 exhibited a significantly higher level of lymphatic 125 I-CCK (1,488.4 Ϯ 265.9 cpm/ml) than those rats treated with an intravenous injection (218.9 Ϯ 60.3 cpm/ml) at 30 min (P Ͻ 0.0001). At 60 min, the lymphatic 125 I-CCK concentration of intraperitoneally treated rats was 1,603.1 Ϯ 553.5 cpm/ml, whereas intravenously treated animals had a lymphatic concentration of 152.8 Ϯ 11.9 cpm/ml CCK. After 120 min, the lymphatic radioactive CCK-8 output of intraperitoneally treated rats decreased significantly but was still higher than that of animals treated intravenously (P Ͼ 0.05). At 180 min following administration, lymphatic output of CCK in the intraperitoneally treated rats did not differ from that of the intravenously injected animals.
Intraperitoneal and intravenous administration of apo AIV treatment. Intraperitoneal administration of 35 S-apo AIV (1.17 mg/kg) to rats yielded a significantly higher concentration of lymphatic apo AIV than did intravenous injection of the compound during the first 30 min (P Ͻ 0.0001) (Fig. 5) . At 15 min following administration, intraperitoneally administered rats exhibited a concentration of apo AIV (231.9 Ϯ 77.0 cpm/ml) comparable to intravenously administered animals (257.4 Ϯ 22.2 cpm/ml). Lymphatic concentration of radiolabeled apo AIV was 1,653.7 Ϯ 125.1 cpm/ml in rats following intraperitoneal treatment at 30 min, compared with 494.9 Ϯ 45.4 cpm/ml observed in the intravenously treated animals at 30 min (P Ͻ 0.01). Intraperitoneally treated rats had 3,035.1 Ϯ 933.9 cpm/ml apo AIV in the lymph after the first 60 min, whereas the lymphatic apo AIV concentration of the intravenously treated animals was 476.7 Ϯ 44.5 cpm/ml at 60 min. At 120 min, lymphatic apo AIV concentration in intraperitoneally administered rats had fallen to 430.0 Ϯ 159.3 cpm/ml, while the lymphatic apo AIV concentration for intravenously treated animals was only 102.7 Ϯ 7.3 cpm/ml at the same time point. There was no difference in the lymphatic concentration of apo AIV at 180 min between the intraperitoneally treated rats vs. those injected intravenously.
Enzymatic activity of DPPIV and aminopeptidase in the plasma and lymph. As shown in Fig. 6A , the enzymatic activity of DPPIV during fasting was significantly higher in plasma than in lymph (P Ͻ 0.0001); the enzymatic activity of plasma DPPIV was 137.8 Ϯ 11.2 nmol⅐ml Ϫ1 ⅐min Ϫ1 , while that in lymph was 8.9 Ϯ 0.8 nmol⅐ ml Ϫ1 ⅐min Ϫ1 . Aminopeptidase activity was also significantly different between the fasting plasma and fasting lymph (P Ͻ 0.0001) (Fig. 6B) . The tyrosyl aminopeptidase activity in fasting plasma was 3,962.0 Ϯ 389.2 pmol⅐ml Ϫ1 ⅐min Ϫ1 compared with fasting lymphatic activity of 888.5 Ϯ 74.1 pmol⅐ml Ϫ1 ⅐min Ϫ1 . This suggests that the higher enzymatic activity of DPPIV and aminopeptidase in the plasma than in the intestinal lymph may further contribute to the difference in efficacy of satiation peptides such as CCK-8 administered intraperitoneally vs. intravenous administration of the peptide.
DISCUSSION
In our study, we confirmed previous findings that intraperitoneally injected CCK-8 and apo AIV both significantly inhibited food intake (15, 19, 37) , an effect that lasted for 120 min in the present study. The inhibitory effect of CCK-8 on food intake is manifested by a reduction of meal size via CCK1 receptor, while the intermeal interval remained the same (19, 26, 31, 49, 51) . The present study is also in agreement with previous studies in that intravenous injection of CCK-8 did not suppress food intake in rats at low doses (21) .
Intraperitoneal administration of recombinant apo AIV in the present study inhibited food intake at doses above 100 g/kg (37). However, the inhibition of food intake by intraperitoneal injection of apo AIV started at 60 min after refeeding in the present study, and the inhibition was different from what was observed in the previous study at 30 min, which could possibly be attributed to either varying fasting periods or different batches of recombinant apo AIV with different efficacy. The present study has demonstrated that intravenous administration of recombinant apo AIV, as well as purified apo AIV from lymph as demonstrated in a previous study (15) , suppressed food intake. Therefore, intraperitoneal administration, as well as intravenous injection of either recombinant apo AIV or purified native apo AIV, inhibits food intake. As mentioned earlier, we do not have a good explanation for the apparent lack of efficacy to inhibit food intake of the intravenously infused recombinant apo AIV at 200 g/kg compared with the doses of 100 or 500 g/kg at 60 min. We have repeated this study numerous times, and because we tested all of the doses at the same time, it does not seem to be an isolated incident.
Animals treated with CCK-8 intraperitoneally display a significant increase in neuronal activation (c-Fos expression) in the myenteric plexus of the duodenum and jejunum (48) . In a subsequent study, the investigators showed that intraperitoneal injection of CCK-8 stimulated more neurons (as reflected by c-fos activation) in the myenteric plexus of duodenum and jejunum than did a similar dose administered intravenously (52) . Of course, stimulation of the neurons in the duodenum and jejunum by CCK-8 does not prove that this neural stimulation is involved in the satiation effect of CCK-8. Additional studies will have to be performed to prove this link directly. Villous enteric nerve plexus is distributed throughout the villi and is connected to nerve cell bodies in ganglia on submucous plexus and myenteric plexus (6) . Lymph from the lacteals (initial lymphatics) originating at the center of the lamina propria of the villi eventually drain into the mesenteric lymph duct, then into the cisternae chyle, and then subsequently into the thoracic lymph duct, which eventually empty into the left subclavian vein (2) . Administered peptides move by diffusion and convection from the peritoneal interstitium to the lymphatic and portal circulation before draining into the systemic circulation (14, 38, 43) . Intraperitoneally administered CCK-8 possibly activates neurons in the villous plexus, probably submucous plexus and myenteric plexus, which relay these peripheral satiating signals via vagus afferent nerves to the nucleus of the solitary tract, the dorsomedial hypothalamic nucleus, and the paraventricular nucleus of the hypothalamus (4, 28) . We speculate that compounds such as CCK-8 administered via different routes may activate neurons in the lamina propria of the small intestine to a different degree, thereby resulting in their varying potency for the inhibition of food intake. Intestinal lymph is derived from the central lacteals of intestinal villi, thus reflecting the concentration of these peptides to which the enteric neurons are exposed.
Radiolabeled CCK-8 was found in the lymph at 15 min following injections, and the lymphatic concentration of CCK-8 in the intraperitoneally treated rats was significantly higher than that of animals treated with an intravenous injection at 30 min. The maximum concentration of lymphatic CCK-8 and apo AIV was achieved at 45 min. Our findings are in agreement with observations that high levels of 125 I-CCK-8 are present in the intestine of both intravenously and intraperitoneally treated animals at 30 min (7). These data would suggest that the neurons in the gut (e.g., in the lamina propria) are exposed to a higher concentration of CCK-8 when these molecules are administered intraperitoneally vs. those administered intravenously. CCK-induced satiation is relayed via the enteric neurons and the vagal afferent nerves to hindbrain (40, 48, 52) . Thus, it is not surprising that CCK-8 administered intraperitoneally is more effective than a similar dose of CCK-8 administered intravenously, observed both in this study and other studies (19, 21) . Another potential explanation for the more potent satiating effect of intraperitoneally administered CCK-8 is that the level of CCK-8 in the lymph remains elevated for a much longer period than when CCK-8 is administered intravenously. After 3 h of treatment, animals with intraperitoneally injected CCK had detectable CCK-8 levels in the lymph, but there was no detectable CCK-8 in the lymph of intravenously treated rats. 35 S methioninelabeled apo AIV (1.17 mg/kg). Radioactive apo AIV was measured by liquid scintillation counting, and means Ϯ SE of radioactive counts were evaluated every 15 min. *P Ͻ 0.05 compared with the intravenous group at the same time point. Fig. 6 . Enzymatic activity of DPPIV and tyrosyl aminopeptides in fasting plasma and lymph. Fasting plasma and lymph were collected from rats (n ϭ 4) after recovery from surgery from the previous day. During overnight recovery, the animals were infused intraduodenally with a 5% glucose-saline solution. Fasting plasma and lymph samples were used for DPPIV (A) and tyrosyl aminopeptidase activity (B) determination, and the data are presented as means Ϯ SE. *P Ͻ 0.05 between the concentration in fasting lymph and the plasma.
Apo AIV is a larger protein (46 kDa) than CCK-8 (3, 16, 30) . Similar to the lymphatic CCK-8 study, lymphatic apo AIV concentration of the intraperitoneally injected group was higher than that of the intravenously treated animals at 30, 45, and 60 min following the injections. This suggests that the intraperitoneal route, just as with CCK-8, may deliver a higher concentration of apo AIV in the lamina propria than the intravenous route. However, unlike CCK-8, there was a smaller elevated level of lymphatic apo AIV even with the intravenous administration between 15 and 120 min. This elevated level of lymphatic apo AIV with intravenous infusion may be responsible for the inhibition of food intake that we observed.
Dipeptidyl peptidase IV (DPPIV) is a serine protease that cleaves N-terminal dipeptides from polypeptides with L-proline or L-alanine at the penultimate position (39) . DPPIV has been implicated in the degradation of several hormones and peptides such as peptide YY, glucose-dependent insulinotropic polypeptide, and glucagon-like peptide-1 (53) . Degradation of CCK-8 and smaller CCK fragments by plasma aminopeptidases has been studied by Deschodt-Lanckman et al. (11) . Tyrosine residues and the amino acids methionine and glycine in the sequence of CCK are cleaved by aminopeptidases at a higher rate than tryptophan (30) . We hypothesize that satiating peptides may also remain more effective in the lamina propia than in blood because of the lower degrading enzyme levels in the lamina propria (as reflected by the concentration in lymph) than in the blood. Our present study certainly supports such a notion because the DPPIV and aminopeptidase levels in fasting lymph are significantly lower than those observed in fasting plasma. Thus, low proteolytic degradation could be another contributing factor to the efficacy of satiating peptides in the lamina propria when administered peritoneally compared with intravenous administration.
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